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DESCRIPTION 

IMPACT RESISTANCE MODIFIER AND RESIN COMPOSITION 

TECHNICAL FIELD 
The present invention relates to a resin composition having exceHent 
transparency, impact resistance and resistance to whitening by impact and an 
impact resistance modifier for use in the resin composition. 

BACKGROUND ART 

A methacrylic resin has excellent transparency, weather resistahce, 
moldabinty and processabllity and has been widely used in automobile parts, 
lighting goods, various panels and the like, l-loweven generally, its use has been 
narrowed owing to its inadequate impact resistance. 

Accordingly, a method of improving impact resistance of a hard resin 
such as methacrylic resin by adding a multllayered graft copolymer having a 
basic structure of three*layer structure of a specific hard-soft-hard construction 
to improve impact resistance of the methacrylic resin has been proposed (for 
example, refer to Patent Document 1). However, improvement by this method is 
not sufficient, though impact resistance can be improved to some extent. Further, 
when Jmpact resistance of a resin is improved by such an impact resistance 
modifier, the resin is liable to suffer whitening by impact. Therefore, 
improvement of not only impact resistance but also resistance to whitening by 
impact has been demanded. 

A method of improving resistance to whitening by impact while 
maintaining impact resistance by using a multilayered acrylic polymer having a 
specific stmcture has been proposed (for example, refer to Patent Document 2). 
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However, a further improvement of impact resistance has been demanded, 
though resistance to whitening by impact is improved. 

Although it is possible to realize higher impact resistance or 
resistance to whitening by impact if a large amount of an impact resistance 
modifier such as multilayered acrylic polymer mentioned above is used in a 
methacrylic resin composition, such a methacrylic resin composition has a low 
usefulness because its hardness is lowered. Further, it is more preferable to use 
smaller amount of such an impact resistance modifier as that mentioned above 
because the more the impact resistence modifier is used, the higher the 
production cost becomes. Therefore, an impact resistance modifier which can 
effectively improve impact resistance and resistance to whitening by impact with 
a small amount of its use and a resin composition in which it Is used have been 
expected. 

Patent Document 1 : Japanese Patent Publication No. Sho5S-27,576 

Patent Document 2: Japanese Patent Application Laid-Open No. Heil 0-338,723 

Non-Patent Document 1 : POLYMER HANDBOOK THIRD EDITUON 

DISCLOSURE OF INVENTION 
PROBLEM TO BE SOLVED BY THE INVENTION 
The object of the present invention Is to provide a resin composition 
having excellent impact resistance and resisteince to whitening by impact 
without deteriorating excellent transparency of a methacrylic resin, and an 
impact resistance modifier for use in the resin composition. 

MEANS FOR SOLVING PROBLEM 
In view of the present situation described above, the present 
inventors have intensively researched and have found that the above-mentioned 
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problems can be solved by blending an impact resistance modifier with a 
methacrylic resin, wherein the modrfier is composed of a multilayered polymer 
having at least three layers, namely an innermost-layer polymer, an 
intermediate-layer polymer, each having an appropriate composition, and an 
outer-layer polymer having its Tg within €in appropriate range, and thus have 
completed the present invention. 

Namely, the present Invention resides in an Impact resistance 
modifier composed of a multilayered graft copolymer described in the following. 
Such an Impact resistance modifier of the present invention can provide a resin 
composition having excellent impact resistance and resistance to whitening by 
impact without deteriorating excellent transparency of a methacrylic resin. 

A multilayered graft copolymer: 

A multilayered graft copolymer comprising: 

an ihnemnost-iayer polymer (A) obtained by polymerizing monomer 
components comprising 100 parts by mass of a monomer mixture composed of 
40 to 100% by mass of an alkyi methacrylate having an alkyl group with carbon 
number of 1 to 4, 0 to 60% by mass of an alkyl acrylate having an alkyl group 
with carbon number of 1 to 8 and 0 to 20% by mass of the other 
copolymerizabie monomer and 0.1 to 10 parts by mass of a potyfunctlonal 
monomer; 

an intermediate-layer polymer (B) obtained by polymerizing monomer 
components comprising 100 parts by mass of a monomer mixture composed of 
70 to 90% by mass of an alkyl acrylate having an alkyl group with carbon 
number of 1 to 8, 10 to 30% by mass of an aromatic vinyl compound and 0 to 
20% by mass of the other copolymerizabie monomer and 1 to 3 parts by mass 
of a pdlyfunctional monomer in the presence of the innermost-layer polymer (A); 
and 
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an outer-layer polymer (C) having its Tg within the range of 20 to 
80*'C and obtained by polymerizing monomer components composed of 50 to 
100% by mass of an alkyi methacrylate having an alkyi group with carbon 
number of 1 to 4, 0 to 50% by mass of an alkyi acrylate having an alkyi group 
with carbon number of 1 to 8 and 0 to 20% by mass of the other 
copolymerizable monomer in the presence of a polymer which has been made 
up to the intermediate-layer polymer (B), 

wherein mass average particle diameter of the polymer which has 
been made up to the intemiediate-iayer polymer (B) is 200 to 300 nm, mass 
ratio (A)/(B) of the innermost-layer polymer (A) to the intermediate-layer polymer 
(B) is 10/90 to 40/60 and the proportion of the outer-layer polymer (C) is 30 to 
100 parts by mass when the sum of the Innermost-layer polymer (A) and the 
intermediate-layer polymer (B) Is set as 100 parts by mass. 

Further, the present invention resides in a resin composition 
containing a methacrylic resin composed mainly of constitutional units of methyl 
methacrylate and the above-mentioned impact resistance modifier. Such a resin 
composition of the present invention provides excellent impact resistance 
without deteriorating excellent transparency of the methacrylic resin. 

EFFECT OF THE INVENTION 
According to the present invention, a resin composition having 
excellent impact resistance wthout deteriorating excellent transparency of a 
methacrylic resin can be provided! 

BEST IVIODE FOR CARRYINGOUT THE INVENTION 
Hereinafter, the present invention will be explained In detail. 
In the present invention, a Tg (glass transition temperature) of a 
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polymer means the value obteiined by calculating in accordance with the 
conventionally known FOX equation: 

1/Tg » ai/Tgi + a2/Tg2 +a3/Tg3 + 

wherein Tgi, Tqz and Tgs represent the Tg of each homopolymer, 
respectively, polymerized from only one monomer component among those 
used in constituting the polymer and these values are referred to "POLYMER 
HANDBOOK THIRD EDITION" (Non-Patent Document 1). Further, ai, a2 and aa 
in the above FOX equation represent mass ratios of respective monomers 
among the monomer components used to constitute the polymer. 

The impact resistance rnodifier of the present invention comprises a 
multilayered graft copolymer having at least three layers, namely an 
innermost-layer polymer (A), an intermediate-layer polymer (B) and an 
outer-layer polymer (C), and each layer in the multilayered graft copolymer is 
derived from the monomer components composed of the following composition. 

The innermost-layer polymer (A) is obtained by polymerizing 
monomer components comprising 100 parts by mass of a monomer mixture 
composed of 40 to 100% by mass (preferably 40 to 95% by mass, more 
preferably 50 to 70% by mass) of an alkyi methacrylate having an alkyi group 
with carbon number of 1 to 4, 0 to 60% by mass (preferably 5 to 60% by mass, 
more preferably 30 to 50% by mass) of an alkyi acrylate having an alkyi group 
with carbon number of 1 to 8 and 0 to 20% by mass (preferably 0 to 10% by 
mass) of the other copolymerizable monomer and 0.1 to 10 parts by mass 
(preferably 0.1 to 5 parts by mass) of a pdyfunctlonal monomer. Hereinafter, the 
monomer (mixture) composed of 100% by mass of an alkyi methacrylate having 
an alkyl group with carbon number of 1 to 4 is expressed as a "monomer 
mixture** for convenience. 

By selecting the composition of the monomer components to fall 
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within the above-mentioned each range, a resin composition having excellent 
impact resistance and transparency can be obtained. In. particular, in the case 
that the amount of use of the alkyi methacrylate having an alkyi group with 
carbon number of 1 to 4 in the above-mentioned monomer mixture is 40% by 
mass or more, a resin composition having high-degree transparency can be 
obtained. 

As the alkyi methacrylate having an alkyi group with carbon number 
of 1 to 4, methyl methacrylate, ethyl methacrylate, propyl methacrylate, n-butyl 
methacrylate and the like can be listed. These can be used alone or in 
combination of two or more kinds. Methyl methacrylate is preferably used. 

Further, as the alkyi acrylate ha\nng an alkyi group with carbon 
number of 1 to 8, methyl acrylate, ethyl acrylate, l-propyl acrylate, n-butyl 
acrylate, 2-ethylhexyl acrylate and the like can be listed. These can be used 
alone or in combination of two or more kinds. N-butyl acrylate is preferably 
used. 

As the other copolymerizable monomer, though it is not particularly 
limitecj as long as it can be copolymerizable with the above-mentioned monomer, 
for ex^ple, phenyl methacrylate, cydbhexyl methacrylate, benzyl methacrylate, 
methabrylic acid, acrylic acid, hydroxyethyl methacrylate, acryl amide, glycidyl 
methacrylate, and aromatic vinyl compounds such as styrene, a-methyl styrene, 
vinyltoluene can be listed. These can be used alone or in combination of two or 
more kinds. Styrene is preferably used. Further, a monomer having two or more 
copolymerizable functional groups is classified into the following polyfunctional 
monomer and is not classified into the other copolymerizable monomer. 

As the polyfunctiortal monomer, ethylene glycol diacrylate. 
1 ,3-butanGdiol diacrylate, allyl acrylate, ethylene glycol dimethacrylate, 
1 ,3-butanediol dimethacrylate, ally! methacrylate, triallyl cyanurate, diallyl 
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maleate. divinylbenzene, dlallyl phthalate, diallyl fumarate, triallyl trimellltate and 
the like can be listed. These can be used alone or In combination of two or more 
kinds- Ally methacrylate and 1 ,3-butanedlol dimethacrylate are preferably used. 

The Intermediate-layer polymer (B) is obtained by polymerizing 
monomer components comprising 100 parts by mass of a monomer mixture 
composed of 70 to 90% by mass (preferably 75 to 85% by mass) of an alkyi 
acrylate having an alkyi group with carbon number of 1 to 8, 10 to 30% by mass 
(preferably 15 to 25% by mass) of an aromatic vinyl compound and 0 to 20% by 
mass (preferably 0 to 10% by mass) of the other copolymerizable monomer, and 
1 to 3 parts by mass (preferably 1.5 to 2.5 parts by mass) of a polyfunctional 
monomer in the presence of the innermost-layer polymer (A). 

By selecting the composition of the monomer components to fall 
within the above-mentioned each range, a resin composition having excellent 
impact resistance and resistance to whitening by impact can be obtained. In 
particular, In the case that the amount of use of the alkyI acrylate having an alkyI 
group with carbon number of 1 to 8 in the above-mentioned monomer mixture is 
from 70 to 90% by mass, a resin composition having high-degree impact 
resistance and transparency can be obtained: 

As the alkyI acrylate having an alkyI group with carbon number of 1 to 
8. the same monomers as those listed in the examples of the alkyI acrylate 
usable for the Innermost-layer polymer (A) in the above-mentioned multllayered 
graft cbpolymer can be used. N-butyl acrylate Is preferably used. 

As the aromatic vinyl compound, styrene, a-methyl styrene, 
vinyltoluene or the like can be listed. These can be used alone or in combination 
of two or more kinds. Styrene is preferably used. 

As the other copolymerizable monomer, phenyl methacrylate, 
cyclohexyl methacrylate, benzyl methacrylate, methacryllc acid, acrylic acid, 
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hydrbxyethyl methacrylate. acryl amldG, glycidyl methacrylate or the like can be 
listed. Further, a monomer having two or more copolymerizabte functional 
groups is classified into the following polyfunctlonal monomer and is not 
classified Into the other copolymerizable monomer. 

As the polyfunctlonal monorher, the same monomers as those listed 
in the examples of the polyfunctlonal monomer usable for the innermost-layer 
polymer (A) in the above-mentioned multilayered graft copolymer can be used. 
These can be used alone or in combination of two or more kinds. 1 ,3-butanediol 
dimethacrylate and ally! methacrylate are preferably used. 

The outer-layer polymer (G) is obtained by polymerizing monomer 
components composed of 50 to 1 00% by mass (preferably 60 to 85% by mass) 
of an alkyi methacrylate having an alkyi group with carbon number of 1 to 4, 0 to 
50% by mass {preferably 15 to 40% by mass) of an alkyi acrylate having an 
alkyi group with carbon number of 1 to 8 and 0 to 20% by mass (preferably 0 to 
10% by mass) of the other copolymerizable monomer in the presence of a 
polymer which has been made up to the above-mentioned intermediate-layer 
polymer (B), more precisely, in the presence of a polymer which contains the 
innermost-layer polymer (A) and the intermediate-layer polymer (B). Further, ft is 
necessary that a Tg of the outer-layer polymer obtained by polymerizing these 
monomer components is in the range of 20 to 80**C. It is preferably 30 to TO^'C. 
When the Tg of the outer-layer polymer is 20*^0 or more, blocking does not 
occur at the time of its recovery as powder and the powder with good handling 
properties can be obtained. While, when the Tg of the outer-layer polymer Is 
BO^'C or less, a resin composition having high-degree impact resistance can be 
obtained. 

As the alkyi methacrylate havrng an alkyi group with carbon number 
of 1 to 4, the same monomers as those listed in the examples of the alkyi 
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methacrylate having an alkyi group with carbon number of 1 to 4 usable for the 
above-mentioned innermost-layer polymer (A) can be used. Methyl 
methacrylate is preferably used. 

As the alkyI acrylate having an alkyI group with carbon number of 1 to 
8, the same monomers as those listed in the examples of the alkyI acrylate 
having an alkyi group with cartoon number of 1 to 8 usable for the 
above-mentioned innermost-layer polymer (A) can be listed. N-butyl acrylate is 
preferably used. 

Further, as the other copolymerizable monomer, the same monomers 
as those listed in the examples of the aromatic vinyl compound and the other 
copolymerizable monomer usable for the above-mentioned intermediate-iayer 
polymer (B) can be used. 

Furthermore, in the case of polymerization of these monomer 
components, in particular, in the case of the polymerization of these monomer 
components to obtain the outer-layer polymer (C), a chain transfer agent such 
as alkyI mercaptan Is preferably used to improve compatibility with a matrix 
resin (for example, methacryiic resin), flowability and impact resistance of the 
resin composition. As the alky! mercaptan, n-butyl mercaptan, n-octyl mercaptan, 
n-dodecyl mercaptan. t-dodecyl mercaptan or the like can be listed. The amount 
of use of the alkyI mercaptan is preferably 0.1 to 2 parts by mass to 100 parts by 
mass of monomer components to be used. 

The mass average particle diameter of the polymer which has been 
made up to the intermediate-layer polymer (B) of the multilayered graft 
copolymer is 200 to 300 nm, preferably 230 to 260 nm. When the mass average 
particle diameter of the polymer which has been made up to the 
intermediate-layer polymer (B) is 200 nm or more, impact resistance of the resin 
composition becomes sufficient, and when it is 300 nm or less, the resin 
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composition having excellent transparency can be obtained. 

The mass ratio (A)/(B) of the innermost-layer polymer (A) to the 
intermediate-layer polymer (B) is 10/90 to 40/60, preferably 15/85 to 25/75. 
When the mass ratio of the innermost-layer polymer (A) is 10 or more, 
resistance to whitening by impact of the resin composition becomes sufficient, 
and when it is 40 or less, impact resistance of the resin composition becomes 
sufficient 

When the amount of the polymer which has been made up to the 
Intemnediate-layer polymer (B) of the multilayered graft copolymer is set as 100 
parts by mass, the amount of the outer-layer polymer (C) Is 30 to 100 parts by 
mass, preferably 50 to 80 parts by mass. When the amount of the outer-layer 
polymer (C) is from 30 to 1 00 parts by mass, impact resistance of the resulting 
resin composition becomes sufficient. 

Now, as the mass of the polymer of each layer of the multilayered 
graft copolymer, that of the innermost-layer polymer (A) is calculated as the 
mass of the monomer mixture; that of the intermediate-layer polymer (B) is 
calculated as the mass of the monomer mixture; and that of the outer-layer 
polymer (C) is calculated as the sum of the mass of the monomer components. 

The multilayered graft copolymer of the present invention may have a 
structure possessing the other layer in at least one side of the portions between 
respective layers, other than the innermost-layer polymer (A), the 
intermediate-layer polymer (B) and the outer-layer polymer (C). 

In the present invention, latex of the multilayered graft copolymer can 
be obtkined through emulsion polymerization of the above-mentioned monomer 
components, and the multilayered graft copolymer can be recovered from the 
latex. The emulsion polymerization can be conducted in accordance with the 
publicly known methods. 
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As the emulsifier to be used in the emulsion polymerization, any one 
of anionic, cationic and nonionic emulsifier can be used, and anionic emulsifier 
is particularly preferable. As the anionic emulsifier, a carboxylate such as 
potassium oleatei sodium stearate, sodium myristate, n-lauroylsarcosine sodium 
salt or dipotassium alkenylsuccinate, a sulfate such as sodium lauryl sulfate, a 
sulfonate such as dioctyl sodium sulfosucclnate, sodium 
dodecylbenzenesulfonate or sodium alkyldiphenyl ether disulfonate, and a 
phosphate such as sodium polyoxyethylene alkyi ether phosphate can be listed. 

The amount of the emulsifier may be properly determined depending 
on the emulsifier to be used, a kind or a blend ratio of the monomer components 
or a polymerization condition, however, ordinarily, it is preferably 0.1 part by 
mass or nriore to 100 parts by mass of the monomer components, particularly 
preferably 0.5 part by mass or more. Further, it is preferably 1 0 parts by mass or 
less to too parts by mass of the monomer components, particularly preferably 5 
parts by mass or less to reduce its residue in the polymer. 

The polymerization initiator to be used in the polymerization to 
constitute each layer of the multilayered graft copolymer is not particularly 
limited, and as a radical initiator, for example, a peroxide such as benzoyl 
peroxide, cumene hydroperoxide, t-butyl hydroperoxide or hydrogen peroxide; 
an azo compound such as azobisisobutyronrtrile; a persuifuric acid compound 
such as potassium persulfate or ammoriium persulfate; a perchloric acid 
compound; a perboric acid compound; and a redox system initiator composed of 
a combination of a peroxide and a reductive sulfoxy compound can be listed. 
The arnount of addition of the radical initiator is variable depending on a kind or 
a blend ratio of the radical initiator or the monomer components to be used, 
however, it is ordinarily about 0.01 to 10 parts by mass to 100 parts by mass of 
the monomer components. 
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The monomer components and the polymerization initiator can be 
added by using a method such as collective addition, divisional addition, 
continuous addition, rhonomer addition, emulsion addition or the like in the 
production of the multilayered graft copolymer. Further, the reaction system may 
be replaced by nitrogen to advance the reaction smoothly or a property selected 
catalyst may be added, If needed, after the completion of the reaction to remove 
the residual monomer Moreover, when polymerization is carried out to 
constitute each layer, an additive such as pH adjuster, antioxidant or ultraviolet 
absori^ent can be coexisted. 

The amount of solid content in latex of the multilayered graft 
copolymer thus obtained is preferal>ly 10% by mass or more, particularly 
preferably 30% by mass or more to raise the productivity of the polymer. Further, 
the amount of solid content In the latex Is preferably 60% by mass or less, 
particularly preferably 50% by mass or less not to deteriorate the stability of the 
latex. 

As methods for recovering the multilayered graft copolymer from the 
above-mentioned latex, various methods such as coagulation with acids, 
coagulation with salts, freeze-coagulation and spray drying can be used. 
Coagulation with acids or coagulation with salts is preferable In view of 
production cost and the physical properties of the product to be obtained. As the 
recovering agent to be used in coagulation with salts, an inorganic salt such as 
aluminum chloride, aluminum sulfate, sodium sulfate, magnesium sulfate, 
sodium nitrate or calcium acetate can be listed, and calcium acetate is 
particulariy preferable to prevent coloring of the molded article obtained by 
moldir^ the resin composition in which the recovered multilayered graft 
copolymer was used as an impact resistance modifier. These are ordinarily used 
in the form of aqueous solutions. The concentration of the recovering agent 
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aqueous solution is preferably 0.1 to 20% by mass, more preferably 1 to 15% by 
mass. When the concentration is too low, there Is a case that the multllayered 
graft copolymer cannot be recovered stably, and when the concentration is too 
high, there is a case that a large amount of the recovering agent remain in the 
recovered multilayered graft copolymer and cause a deterioration of the 
performance of the molded article such as enhanced coloring, and hence, these 
are not preferable. By coexisting latex of a rigid polymer having small particle 
diameter when latex of the multilayered graft copolymer is contacted with the 
recovering agent, handling properties of the resultant latex is improved because 
blocking of the recovered multilayered graft copolymer does not tend to occur. 
When the latex is contacted with the recovering agent aqueous solution, 
temperature of the system is preferably 30 to lOO'^C. The deposited multilayered 
graft copolymer is washed, dehydrated and dried in various ways. By adding a 
lubricant such as silica gel to the dried multilayered graft copolymer, handling 
properties of the multilayered graft copolymer is improved because blocking of 
the multilayered graft copolymer does not tend to occur. 

The resin composition of the present Invention contains a methacryllc 
resin composed mainly of constitutional units of methyl methacrylate and the 
impact resistance modifier composed of the above-mentioned niultilayered graft 
copolymer. This resin composition provides excellent Impact resistance without 
deteriorating excellent transparency and hardness of the methacryllc resin. 

The blend ratio of the methacryllc resin to the Impact resistance 
modifier is preferably 90/10 to 20/80 in terms of the mass ratio of the 
methacryllc resin to the impact resistance modifier, though it is variable 
depenlling on the use. When the mass ratio of the impact resistance modifier is 
10 or more, more sufficient impact resistance of the resin composition can be 
obtained, and when it is 80 or less, flowabilrty easy for molding such as injection 
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molding can be secured and more excellent appearance (such as transparency) 
of the molded article can be obtained. The mass ratio of the methacryllc resin to 
the impact resistance modifier is more preferably 80/20 to 30/70. 

The methacrylic resin composed mainly of constitutional units of 
methyl methacrylate to be used in the present invention is preferably a polymer 
of monomer component(s) composed of 50 to 100% by mass of methyl 
methacrylate and 0 to 50% by mass of the other vinyl or vinylldene monomer. As 
the other vinyl or vinylldene monomer, for example, an alkyi acrylate having an 
alkyi group with carbon number of 1 to 4; or an aromatic vinyl compound such 
as styrene, a-methyl styrene or vinyltoluene can be listed. The content of methyl 
methacrylate in the above monomer component(s) is preferably 80 to 99% by 
mass. 

The resin composition of the present Invention is obtained by 
blending the above-mentioned methacrylic resin and multilayered graft 
copolymer in a predetermined blending ratio. 

The resin composition of the present invention may contain 
antioxidants, ultraviolet absorbents, photostabilizers, mold release agents, 
pigments, dyes and the like other than the above-mentioned methacrylic resin 
and multilayered graft copolymer, 

EXAMPLES 

Hereinafter, the present invention will be explained in more detail by 
using examples. In the examples, "part(s)" means "part(5) by mass", and "%" 
means "% by mass" other than Haze%. The characteristic properties of the 
multilayered graft copolymer and the resin composition are obtained by using 
the following methods. 
(Mass average particle diameter) 
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The mass average particle diameter of the polymer which has been 
made up to the intermediate-layer polymer (B) of the multilayered graft 
copolymer is measured as follows. The obtained latex was diluted with distilled 
water to obtain diluted latex with solid content of about 3%. Using 0.1 ml of the 
diluted latex as a sample, mass average particle diameter of the sample was 
measured with CHDF 2000 High Resolution Particle Size Distributions 
manufactured by Matec Applied Sciences, U.S.A., under the conditions of: the 
flow rate of 1 .4 ml/min; the pressure of about 2.76MPa {about 4,000 psi); the 
temperature of 35^*0. In the measurement, a capillary cartridge for particle 
fractionation and a carrier liquid were used wherein the liquid pH was neutral. 
Prior to the measurement, a calibration curve was obtained by using 
monodisperse polystyrene of known particle diameter manufactured by Duke 
Scientific Corporation, U.S.A. as a particle size standard, and by measuring total 
points of 12 of the standard particle diameters of from 0.02 jjim to 0.8 ^m. 
(Evaluation of the resin composition) 

The obtained resin composition was injection molded under the 
following conditions and various properties were measured. 
Device: PS-60E Type (trade name) Injection molding machine manufactured by 
Nissei Plastic Industrial Co., Ltd. 
Cylinder temperature: 260°C 
Test ptece size: 

127:imm x 12.7 mm x 6.35 mm (thickness) (for Izod impact strength test) 
100 mm X 50 mm x 2 mm (thickness) (for Haze measurement) 
(Measurement of Izod impact strength) 

Izod impact strength was measured according to ASTM-D-256, 
(Measurement of Haze / Evaluation of transparency) 

Haze was measured according to ASTM-D1003 using a flat plate test 
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piece of 2 mm in thickness. 

(Evaluation of resistance to whitening by Impact) 

Using Du Pont type Impact Tester (trade name:H-l00, manufactured 
by Toyo Serki Selsaku-Sho, Ltd.) under the conditions of: radius of base of 16.2 
mm; radius of impact punch of 12.7 mm; falling weight of 1 Kg; falling height of 
50 cm, Impact was given to a test piece and appearance of the test piece at the 
time when 24 hours have past after the impact test was observed by visual 
inspection. 

o: Whitening was not observed or the extent of whitening was extremely small, 
x: Whitening was observed. 

The following abbreviations were property used. 
FE: fen^ous sulfate 

EDTA: disodium ethylenediaminetetraacetate 

SFS: sodium formaldehyde sulfoxylate 

MMA: methyl methacrylate 

ST: styrene 

BA: n-butyl acrylate 

AMA: allyl methacrylate 

1 3BD:: 1 ,3*butanediol dimethacrylate 

MA: rriethyl acrylate 

TBH: i^utyl hydroperoxide 

CHP: cumene hydroperoxide 

NA: the following emulsifier 

(polyoxyethylene alkyi ether phosphate: PHOSPHANOL RS-610NA, trade 
name, manufactured by Toho Chemical Industry Co.. Ltd.) 
nOM: n-octyl mercaptan 

methacrylic resin (AP-1): ACRYPET V (trade name, manufactured by Mitsubishi 
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Rayon Co,, Ltd.) 

methacrylic resin (AP-2): ACRYPET SV (trade name, manufactured by 
Mitsubishi Rayon Co., Ltd,) 
Example 1 

(Production of multilayered graft copolymer (1)) 

To a five-neck flask equipped with a stirrer, a reflux condenser, a 
nitrogen inlet, a monomer iniet and a thermometer, the following component 1 
was introduced. 
(Component 1) 

Deionized water 1 90 parts 

SFS 0.4 part 

FE 4.2 xlO*^ part 

EDTA 1.3x10"^ part 

Then, the system was heated to 80''C under stirring and mixing v^ile 
replaced by nitrogen, one tenth of a mixture (a-1) having the following 
composition was introduced into it and the system was kept at SO'^C for 15 
minutes. Then, the remainder of the mixture (a-1) was introduced into it by 
taking 50 minutes (0,34 part/min), the system was kept at SO'^C for 1 hour to 
complete polymerization of the Innermost-layer polymer. Polymerization rate 
(unreacted monomer being measured with gas chromatography; hereinafter the 
same); of the latex (A-1) thus obtained was 99% or more. 
(Mixture (a-1)) 

MMA 11.15 parte 

ST 0.85 part 

BA 8.00 parts 

13BD 0.60 part 

AMA " 0.075 part 



17 



FROM lo*>tflSRS§S*raM 



2006^ 9^27B(*) 15:38/M15:33XJ»§^4801505713 P 25 



TBH 0.035 part 

NA 0.72 part 

Subsequently, to the above-mentioned latex (A-1), a solution In which 
0.27 part of SFS was dissolved in 5.0 parts of deionlzed water was added and 
the system was kept for 15 minutes, and a mixture (b-1) having the following 
composition was dropped into it by taking 4 hours (0.35 parVmin), and the 
system was kept for 2 hours to complete polymerization of the 
intermediate-layer polymer. Polymerization rate of the latex (B-1) thus obtained 
was 99% or more, and the mass average particle diameter of the polymer which 
has been made up to the intermediate-layer polymer was 235 nm. 
(Mixture (b-1)) 

ST 14.0 parts 

BA 66.0 parts 

13BD 0.20 part 

AMA 1.40 parts 

CHP 0.23 part 

NA 1.50 parts 

Subsequently, to the above-mentioned latex (B-1), a solution in which 
0.23 part of SFS was dissolved in 5.0 parts of deionlzed water was added and 
the system was kept for 15 minutes, and a mixture (c-1) having the following 
composition was dropped into it by taking 2 hours and 20minutes (0.50 part/min), 
and the system was kept for 1 hour to complete polymerization of the 
outer-fayer polymer. Polymerization rate of the latex (C-1) thus obtained was 
99% or more. Tg of the outer-layer polymer is shown in Table 2. 
(Mixture (c-1)) 

MMA 41 .6 parts 

BA 15.0 parts 
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ST 3.2 parts 

TBH 0.10 part 

nOM 0.12 part 

Then, 300 parts of 1 .5% calcium acetate aqueous solution was 
introduced into a stainless steel container as a recovering agent aqueous 
solution and heated to eO'^C under stirring and mixing, and 300 parts of the 
above-mentioned latex (C-1) was added to it continuously for 10 minutes. Then, 
the resultant mixture was heated to 90**C and kept for 5 minutes. Then, the 
mixture was cooled to the room temperature and filtrated by centrifugal 
dehydration (1300G, for 3 minutes) while washed with deionized water and a 
wet resin was obtained. The resultant resin was dried at 75**C for 48 hours and 
white powdery multilayered graft copolymer (1) was obtained. 
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Table 1 
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Table 2 
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Example 7 

(Preparation of resin composition blended with an impact resistance modifier 
and evaluation thereof) 

Next» a mixture of 400 parts of the multilayered graft copolymer (1) 
and 600 parts of methacrylic resin (AP-1) was melt kneaded by using a 
twin-screw extruder having its external diameter of 30 mm^ (PCM-30 (trade 
name); L7D=25; manufactured by Ikegai Corporation) at a cylinder temperature 
of 230''C to 260*^0 and a die temperature of 260''C to obtain a pellet of a resin 
composition having its blend ratio (methacrylic resin (AP-1))/( multilayered graft 
copolymer (1)) of 60/40 (mass ratio). Then, an molded article was manufactured 
by using the pellet and its physical properties such as Izod impact strength and 
Haze were evaluated and the results are shown in Table 3. 
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Table 3 
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Examples 2 to 6, Comparative Examples 1 to 6 

(Production of multilayered graft copolymers (2) to (1 2)) 

The same procedures as in the method for producing the 
multilayered graft copolymer (1) described in Example 1 were carried out except 
that the amount of addition of respective raw materials was changed as in Table 
1 , and multilayered graft copolymers (2) to (1 2) were obtained. Further, mass 
average particle diameters of these Intermediate-layer polymers and each Tg of 
these outer-layer polymers are shown in Table 2. The multilayered graft 
copolymer (9) could not be recovered as powder because it agglomerated at the 
time of coagulation and recovery. 
Examples 7 to 14, Comparative Examples 7 to 11 

(Preparation of resin compositions blended with impact resistance modifiers and 
evaluation thereof) 

The same procedures as In Example 1 were carried out by using the 
multilayered graft copolymers thus obtained and pellets of resin compositions 
having their blend ratio (methacrylic resin (AP-1) or (AP-2))/( multilayered graft 
copolymers (1) to (8) or (10) to (12)) of 60/40 or 75/25 (all In mass ratio) were 
manufactured and their physical properties were evaluated and the results are 
shown in Table 3. 

As mentioned above, It was proved that the impact resistance 
modifier satisfying the constitution of the present invention has an excellent 
improvement effect on impact resistance and resistance to whitening by impact 
without deteriorating transparency. Further, the resin composition which used 
the inifpact resistance modifier had high-degree impact resistance, excellent 
transparency and resistance to whitening by impact. 

INDUSTRIAL APPLICABILITY 
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The resin composition of tlie present invention is excellent in 
transparency, impact resistance, resistance to v^itening by Impact, weather 
resistance, moldability and processability and can be widely used in automobile 
parts, lightrng goods, various panels and the lil<e. 
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